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Abstract. As first time, ferroelectric (Ba0.85Ca0.15)(Ti0.9Zr0.1)O3 (BCTZ), biocompatible (Na0.5K0.5)NbO3 
(NKN), and ferromagnetic Y3Fe5O12 (YIG) nanofibers were synthesized by sol-gel assisted electrospining 
technique. Non-woven, bead-free 100 μm long fiber mat was formed from close-packed nanocrystals after 
calcination in air at 800°C (BCTZ and NKN) and 1100°C (YIG). BCTZ fibers are 200 nm in width whereas 
NKN and YIG fibers have smaller 50-100 nm diameter. X-ray diffraction and Raman spectroscopy show 
that BCTZ and NKN crystallized in tetragonal and rhombohedral polar phases in the vicinity of 
morphotropic phase boundary. Room temperature ferromagnetism in YIG fibers is indicated by a well 
formed M-H hysteresis loop with about 70% of remnant magnetization to the saturated value reached at 150 
Oe. Broad band microwave spectroscopy revealed strong asymmetry of the shape of ferromagnetic 
resonance lines that conforms to a three orders of magnitude shape aspect ratio of YIG nanofibers.  
 
1. Introduction 
Quasi one dimensional materials including nanofibers, nanowires, nanobelts and nanorods have 
attracted intensive interest of scientist recently. Ferroelctric and ferromagnetic materials as functional 
compositions have been employed to invent or improve nanoelectronic, nanophotonic and 
nanogenerator devices [1-3]. 
Using piezoelectric nanofibers as the building blocks in nano-generators and nano-sensors makes them 
promising candidates for energy harvesting [4-6]. X.Chen et.al. designed and fabricated a high 
efficiency nanogenerator based on Pb(Zr,Ti)O3 nanofibers which produced  1.6V output [6].Recently, 
a Pb-free piezoelectric ceramics system Ba(Ti0.80Zr0.20)O3- x (Ba0.70Ca0.30)TiO3 ( abbreviated as BZT- 
x BCT, x= molar fraction of BCT)  reported by W.Liu et.al Demonstrated a high piezoelectric 
coefficient d33 about 600 pC/N in Morphotropic Phase Boundary (MPB) region at x= 50 [7]. 
Regarding to its high piezoelectric performance it would be a promising candidate to use as a 
piezoelectric segment in generators and sensors. 
 
3D and fibrous structures of the electrospun ferroelectric nanofibers in addition to their response to the 
external electric field and ultrasound vibrations, enhanced the tissue and neural tissue regeneration 
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[8,9]. Sodium potassium niobate composition has been studied intensively since it was discovered in 
1949 [10] and showed a good potential as a biocompatible ferroelectric material [11-13]. 
Yttrium iron garnet Y3Fe5O12 (YIG) as a high frequency passive low loss and possessing a unique 
magneto-optical property has been used extensively in optical communication and magneto-optical 
devices   [14,15]. The magnetic phenomenon in this material can be employed in different applications 
including drug delivery and DNA transportation [16]. 
    
Electrospinning technique is a sol-gel based, versatile and straightforward method to fabricate the 
nanofeatures i.e. nanofibers and nanotubes that recently, has been employed intensively to produce 
oxides and ceramics nanostructures i.e. Pb(Zr,Ti)O3, BaTiO3, MgFe2O4, TiO2, CoFe2O4 nanofiers [17-
21]. 
In this paper we review our recent achievements on synthesis and charachterization of ferroelectric 
BZT-BCT (BCTZ), biocompatible (Na0.5K0.5)NbO3 (NKN), and ferromagnetic Y3Fe5O12 (YIG) 
nanofibers were synthesized by the electrospinning technique. 
 
 
2. Experimental details 
Sol-gel assisted electrospinning technique was employed to synthesize the BCTZ, NKN and YIG 
nanofibers. 
2.1 Ferroelectric nanofibers 
2.1.1 BCTZ nanofibers BCTZ  precursor solution was prepared by disolving barium acetate and 
calcium acetate in glacial acetic acid at 60 °C followed by mixing the Ti and Zr solution from disolved 
titanium isopropoxide and zirconium propoxide in ethanol. In order to prepare the BCTZ solution for 
the electrospining, 350 mg of polyvinylpyrrolidone (PVP) was dissolved in BCTZ precusor solution 
and stirred for 1 hour in a closed caped glass bottle. The transparent and viscous solution was 
transferred into a plastic syringe. 
Electrospining was carried out by applying 15 kV to the metallic needle of the syringe pump while the 
solution was fed with 0.5 ml/hour rate. A non-woven and bead-free nanofibers containing  hydrolized 
BCTZ precursor and PVP were collected from the surface of the aluminium foil used as a collector 
placed at 9 cm below the needle. Crystallized nanofibers were achieved by drying at 100 °C for 1 hour 
followed by calcination at 800 °C for 1 hour in air.  
 
2.1.2 NKN nanofibers To prepare the NKN precursor solution, potassium acetate  and sodium acetate 
were mixed in 2-methoxyethanol at room temperature and stirred for 1 hour to achieve a clear and 
transparent solution. Niobium ethoxide was dissolved in acetyl acetone at room temperature and 
stirred for 1 hour (acetyl acetone was used as a chelating agent) and then added to the Na/K precursor 
solution and continued stirring. NKN solution was stirred for 12 hours in a closed cap glass ware at 
room temperature. Polyvinylpyrrolidone (PVP, 0.035g/ml) was added to the precursor mixture to 
prepare the solution for electrospinning. The solution was transferred to a plastic syringe with a 
metallic needle. Electrospinning was carried at 1.8 kV/cm electric field strength between the metallic 
needle and aluminum foil collector located 8cm below the needle. A non-woven and bead-free 
nanofibers mat was collected from the surface of the collector after drying at 100 °C in nitrogen 
atmosphere for 12 hours followed by annealing at 800°C for 1 hour in air.
 
2.2. Ferromagnetic nanofibers 
 Iron nitrate Fe(NO3)3×9H2O and yttrium acetate Y(O2C2H3)3×H2O were used as starting materials. 
The yttrium and iron salts precursors were dissolved in 10 ml solvent contained deionized water: 
methanol with 2:1 volume ratio, respectively. After stirring for 1 hour at room temperature, a red and 
transparent solution was achieved. The molar ratio of Fe3+:Y3+ was maintained at 5:3. In order to 
prepare the solution for the electrospining, 0.035gr/ml of polyvinylpyrrolidone polymer was added to 
Asia-Pacific Interdisciplinary Research Conference 2011 (AP-IRC 2011) IOP Publishing
Journal of Physics: Conference Series 352 (2012) 012006 doi:10.1088/1742-6596/352/1/012006
2
 
 
 
 
 
 
the YIG p
a plastic sy
 
The electr
which fed
YIG precu
below the
calcination
 
Field emi
morpholog
at 3 mm 
crystalline
D5000 po
room tem
microscop
ferroelectr
3.  Result
3.1 BCTZ
SEM imag
non-wove
technique
Figure 2(a
°C for 1 
rhombohe
The cryst
Scherrer e
recursor solu
ringe. 
ospining wa
 YIG solutio
rsor and PV
 tip of the n
 at 1100 oC f
ssion scannin
y and crysta
work distan
 structure o
wder diffrac
perature usin
e (SCM, Dim
ic fibers. 
s and discuss
 nanofibers
es of  nanoc
n and bead-f
. Fibers are cr
Figu
) shows X-ra
hour. Bragg
dral structure
allite size of
quation from
tion and cont
s carried out
n at a consta
P were collec
eedle and dr
or 1 hour in 
g electron m
llinity of nan
ce without u
f the nanofib
tometer. Ram
g 514.5 nm
ension 3100
ion 
rystalline str
ree mat of B
ystalized in a
re 1.    FE-SEM
y diffraction
 reflections 
 and 80-0601
  18 nm of 
 the full widt
inued stirring
 by applying
nt rate of 0.3
ted from the
ied at 100 o
air. 
icroscope (F
ofibers. The 
sing a cond
ers were ex
an spectra o
 line of Ar
, Vecco met
ucture of BC
CTZ nanofi
bout 200 nm
 image of the
 (XRD) patte
are indexed 
 for the tetra
the BCTZ n
h at half max
 for 1 hour. T
 15 kV to th
 ml/h. The a
 surface of th
C for 30 mi
E-SEM, ZIE
images were 
uctive coatin
amined by x
f the BCTZ
-laser (HORI
rology group
TZ nanofibe
bers were ac
 in width and
 BCTZ nanof
rns of electro
according to
gonal structu
anofibers ca
imum (FWH
he viscous s
e metallic n
s-spun nanof
e aluminum
nutes. Synth
SS Ultra 55
taken by usin
g of tested 
-ray diffrac
 and NKN n
BA Jobin-Yv
) was used to
rs are shown
hieved by so
 several ten m
ibers annealed
spun BCTZ 
 the PDF re
re of the bariu
lcined at 80
M) value of 
olution was t
eedle of the
ibers contain
 foil collector
esis was fina
) was used 
g 1 kV accel
fibers. Phas
tion (XRD) 
anofibers we
on). Scannin
 study the p
 in Figure 1. 
l-gel asisted
icrons in len
 at 800 oC. 
nano-fibers a
ference card
m titanate [2
0 °C was ca
the Bragg pe
ransferred in
 syringe pum
ing hydrolyze
 placed 10 c
lized with th
to observe th
erating voltag
e content an
using Sieme
re recorded 
g capacitan
olarizability 
Very uniform
 electrospinin
gh.
 
nnealed at 80
s 85-0368 f
2].  
lculated usin
ak at 2  = 31
to 
p 
d 
m 
e 
e 
e 
d 
ns 
at 
ce 
of 
, 
g 
0 
or 
g 
.5 
Asia-Pacific Interdisciplinary Research Conference 2011 (AP-IRC 2011) IOP Publishing
Journal of Physics: Conference Series 352 (2012) 012006 doi:10.1088/1742-6596/352/1/012006
3
 
 
 
 
 
 
deg. Figur
31.5 deg 
Coexisten
the vicinit
Raman sp
306, 520, 
band arou
fibers [26]
 
Figure
Band freq
[A1(LO)] 
the polar p
es 1(b) and 
 and {200} 
ce of the tetr
y of morphot
ectrum of the
and 720 cm
nd 181 cm-1 
.  
 2. (a)  - XRD
diffrac
uencies aroun
which would
hases in BaT
1(c) show en
about 45 de
agonal and r
ropic phase b
 electrospun
-1 correspond
is assigned t
 pattern of nan
tion reflection
d 268 cm-1 [A
 not be presen
iO3 crystals 
larged profil
grees in nan
hombohedra
oundary (MP
 nanofibers c
 to the BaTiO
o an A1(LO)
ofibers calcine
s {110} and {2
1(TO)], 290
t in the cubi
[27]. 
es of the mai
ofibers fitte
l syngonies c
B).  
alcined at 80
3 tetragonal
 optical mod
d at 800 °C in
00} in nanofib
cm-1 [B1,E(TO
c phase are c
n Bragg diff
d by severa
onfirms nan
0 oC is show
 phase [23-2
e in rhomboh
 air. (b) and (c
ers by Lorentz
+LO)], 520c
ommonly con
raction reflec
l Lorentzian 
ofibers were 
n in figure 3
6] whereas a
edral phase 
) – fitting of th
ian functions.
m-1 [A1(TO)
sidered as th
tions {110} 
contour line
crystallized 
. Peaks at 26
 low intensiv
of crystallize
e main Bragg
 
], and 720 cm
e indication 
at 
s. 
in 
0, 
e 
d 
 
-1 
of 
Asia-Pacific Interdisciplinary Research Conference 2011 (AP-IRC 2011) IOP Publishing
Journal of Physics: Conference Series 352 (2012) 012006 doi:10.1088/1742-6596/352/1/012006
4
 
 
 
 
 
 
Figur
 
Scanning 
(Ba,Ca)(T
SCM me
superimpo
voltage (d
(Ba,Ca)(T
indicates t
11 nm wa
Figure 4. 
 
3.2.  NKN
FE-SEM 
hours and
(b), corres
electrospin
dried bind
about 350
diameter o
shown in 
and compo
 
e 3. Raman sc
capacitance 
i,Zr)O3 nano
thod enable
sed ac-signa
C/dV-V) and
i,Zr)O3 nano
he electrostr
s achieved ar
Local measure
 nanofibers 
images of as
 NKN sampl
pondingly. A
ning and an
er-contained
 nm experien
f 150 nm aft
inset of Figur
se nanofiber
attering spectr
microscopy
fibers anneal
s the measu
ls. Figures 
 deflection 
fiber. dC/dV
iction effect 
ound 4-5 V w
ment of (a) dc
nanofibe
-spun binder
e completely
 bead-free a
nealing cond
 fibers is due
ced a consid
er annealing 
e 5(b) indica
s with severa
um of (Ba0.85C
 (SCM) wa
ed at 800 oC 
rement of 
4 (a) and (b
vs. voltage c
-V plot sho
occurred dur
here dC/dV-
/dv versus vol
r annealed at 8
-contained fib
 calcined at 8
nd non-wove
itions during
 to their amo
erable shrink
at 800 °C for
tes the way h
l microns in 
a0.15)(Ti0.9Zr0.1
s employed
on the condu
local capac
) present, re
urves record
ws saturated
ing bias volta
V curve reach
tage and (b) de
00°C from +1
ers after dry
00°C for 1 h
n mat of nan
 the synthesi
rphous struc
age of more 
 1 hour. The 
ow NKN pl
length. 
)O3 nanofibers
 to study 
ctive substra
itance at di
spectively, 
ed contactin
 polarization
ge swiping. 
es the satura
flection versu
2 to -12 volts.
ing at 100 °
our in air ar
ofibers was 
s procedure.
ture. Dried fi
than 50% and
rough surfac
ate-like nano
 
 calcined at 80
ferroelectric 
te (Pt coated 
fferent bias 
differential c
g the middle
 whereas th
Maximum d
tion.  
s voltage varia
C in N2 atm
e shown in fi
achieved by 
 The smooth
bers with av
 crystallized
e of the calci
crystals grow
0 oC in air. 
properties 
silicon wafer
voltages an
apacitance v
 of individu
e deflection-
eflection abo
tion of a BCTZ
osphere for 
gures 5(a) an
controlling th
 surface of th
erage diamet
 in the averag
ned nanofibe
 on each oth
of 
).  
d 
s. 
al 
V 
ut 
 
12 
d 
e 
e 
er 
e 
rs 
er 
Asia-Pacific Interdisciplinary Research Conference 2011 (AP-IRC 2011) IOP Publishing
Journal of Physics: Conference Series 352 (2012) 012006 doi:10.1088/1742-6596/352/1/012006
5
 
 
 
 
 
 
Figure 5. 
 
Figure 6(a
perovskite
reflections
lattice wit
from the F
°C have a
functions 
well homo
followed b
Figure 6.
  
Raman sp
figure 7. C
that intern
above 160
SEM images o
) shows XRD
-type and h
 are indexed
h Pm (6) sym
WHM value
 size of 42 n
are shown in
genized and 
y a well con
 (a) - XRD pat
{22
ectrum of N
omparing th
al vibrationa
 cm-1. 
f electrospun N
N2 atmosp
 pattern of t
ighly crysta
 according to
metry with 
 of the Brag
m. Enlarged 
 Figs. 2(b) a
uniform stru
trolled heatin
tern of the NK
0} and {440} 
KN-nanofibe
is spectrum 
l modes of th
KN nanofibe
here, (b) - afte
he NKN nan
llized struct
 the PDF refe
a  c > b [28
g peak at 2
{220} and {4
nd 2(c). Abs
cture of NKN
g and cooling
N nanofibers 
Bragg reflectio
rs annealed a
with Raman 
e NbO6 octa
rs: (a) - as-spu
r calcination a
ofibers calcin
ure are obs
rence card 7
]. Crystallite
= 31.9 deg, s
40} peaks a
ence of any t
 nanofibers s
 regimes.   
 calcined at 80
ns fitted by L
t 800 °C rec
spectra of NK
hedra produ
n binder-conta
t 800 °C in air
ed at 800°C 
erved in an
7-0038 for m
 size calculat
hows that na
t 31.9 and 66
race of an im
ynthesized b
0°C in air for 
orentzian cont
orded at roo
N and KNb
ce the Raman
ined after dry
. 
in air for 1 h
nealed samp
onoclinic (N
ion using Sch
nofibers crys
.6 deg fitted
purity phase
y electrospin
1 hour. (b) and
our lines.  
m temperatu
O3 ceramics 
 shift bands
ing at 100 °C i
our.  The pu
le. The XR
a0.35K0.65)NbO
errer equatio
tallized at 80
 by Lorentzia
 evidences f
ning techniqu
 (c) – enlarged
re is shown 
[29-31] show
 at frequenci
n 
re 
D 
3 
n 
0 
n 
or 
e 
 
 
in 
s 
es 
Asia-Pacific Interdisciplinary Research Conference 2011 (AP-IRC 2011) IOP Publishing
Journal of Physics: Conference Series 352 (2012) 012006 doi:10.1088/1742-6596/352/1/012006
6
 
 
 
 
 
 
 
Stretching
cm-1 ( 1). 
O bonds. 
fundamen
31]. 
 
3.2.  YIG 
Morpholo
images in 
 
 
Figure 9 s
indexed ac
yttrium ir
Figure 7. Ra
 mode vibrat
The bands lo
The Raman 
tal vibrationa
nanofibers 
gy and dimen
figure 8. A c
Figure 8. H
hows XRD p
cording to th
on garnet Y3
man spectrum
ion of the O
cated in 270 
signals at hig
l 1 (A1g) and
sion YIG na
rystallized YI
igh resolution
attern of fer
e standard P
Fe5O12 with 
 of the NKN-n
-Nb-O bonds
( 5) and 438 
her frequenc
 5 (F1g) mo
nofibers calc
G nanofiber 
 SEM images 
romagnetic Y
DF card 33-0
the only two
anofibers ann
 are represen
cm-1 ( 4) are 
ies located a
des of the sh
ined at 1100
with 100nm 
of YIG nanofi
IG nanofibe
693. Sample
 noticeable 
ealed at 800 °C
ted by strong
attributed to 
t 804 and 86
ort Nb=O bo
 oC for 1 hou
in diameter is
bers annealed 
rs annealed a
 was confirm
orthoferrite B
 
 for 1 hour in 
 peaks at 56
the bending m
0 cm-1 are pr
nds in NbO6 
r are display
 shown in in
at 1100 oC in a
t 1100 oC. B
ed as almost
ragg reflect
air. 
9 ( 2) and 6
ode of O-N
oduced by th
octahedra [2
ed by FE-SE
set to Fig. 8.
 
ir. 
ragg peaks a
 a single pha
ions: the ma
16 
b-
e 
9-
M 
re 
se 
in 
Asia-Pacific Interdisciplinary Research Conference 2011 (AP-IRC 2011) IOP Publishing
Journal of Physics: Conference Series 352 (2012) 012006 doi:10.1088/1742-6596/352/1/012006
7
 
 
 
 
 
 
YFeO3(12
all the Y3F
Figure 9
 
Room tem
presented 
high remn
Figure 10. 
reflection s
 
To detect
Ferromagn
9.18 GHz
FMR line
to out-of-
aspect rati
1) at 2  = 32
e5O12 reflect
. XRD pattern
perature ferr
in figure 10(
ant magnetiz
(a) M-H hyter
cattering param
 very weak
etic Resonan
. Resonant re
s are inverted
plane geome
o of YIG nan
.89 deg and 
ions are in a 
 of YIG nanofi
omagnetism 
a). YIG nano
ation at the le
esis curve trac
eter | S11 | rec
 FMR signa
ce (FMR) sp
sponse revea
 when extern
try. This eff
ofibers. 
YFeO3(111) 
good corresp
bers annealed 
crystal S
in YIG nano
fibers saturat
vel of 68% o
ed with a rate 
orded for Y3F
ls from a 
ectroscopy. 
ls strong ma
al magnetic 
ect conforms
at 2  = 25.95
ondence with
at 1100 oC for
i(001) wafer.
fibers was re
e in a weak 
f saturated v
of 20 Hz in YI
e5O12 nanofib
diminutive a
Figure 10(b) 
gnetic anisot
field rotates 
 to a three 
 deg [32]. Th
 Y3Fe5O12 po
 1 hour in air. F
vealed by tr
magnetic fiel
alue. 
G nanofibers.
ers. 
mount of fi
displays FM
ropy of YIG
from in-plan
orders of ma
e relative int
wder. 
ibers are clam
acing M-H h
d 150 - 200 O
 (b) Resonance
bers, we em
R lines detec
 nanofibers: 
e (where fibe
gnitude leng
ensity ratios 
 
ped onto sing
ysteresis loop
e and posse
 variation of t
ployed broa
ted at 5.83 an
non-symmetr
rs are aligne
th-to-diamet
of 
le 
s 
ss 
he 
d 
d 
ic 
d) 
er 
Asia-Pacific Interdisciplinary Research Conference 2011 (AP-IRC 2011) IOP Publishing
Journal of Physics: Conference Series 352 (2012) 012006 doi:10.1088/1742-6596/352/1/012006
8
 
 
 
 
 
 
4.  Conclusion 
 
(Ba0.85Ca0.15)(Ti0.9Zr0.1)O3 (BCTZ) piezoelectric and ferroelectric nanofibers were fabricated       
successfully at 800 oC with high aspect ratio in morphotropic phase boundary region which 
can be used as piezoelectric nanogenerator in nano-devices. 
Biocompatible and ferroelectric (Na,K)NbO3 nanofibers were synthesized with 3D structure 
that make them a promising candidate as scaffolds for engineering, repair, and regeneration 
of damaged tissue.  
Ferromagnetic yttrium iron garnet (YIG) nanofibers with about 100nm in diameter and several 
tens of microns in length have been synthesized and showed strong resonance response in a 
microwave irradiation. YIG ferromagnetic fibers have the potential to use as delivery guides 
for pharmaceutical drugs, protein complexes, and DNA transportation. 
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